In Cerrado, there are numerous native fruit species with potential for use in traditional systems of agricultural production. In this context, the 'pequi' stands out in this biome by its great economic value in Central Brazil. Therefore, this work aimed to study the physical and physicochemical characterization of Pequi fruits in the Western Region of Bahia. Three hundred fruits were sampled from ten matrices which were collected in an area of the municipality of Angical, BA and conducted to the Seed Laboratory of the State University of Bahia -UNEB. For physical evaluations, the fruit weight; longitudinal and transversal diameters of the fruit; total weight of seeds per fruit; pulp weight, peel weight and pulp yield were considered. As for the physico-chemical evaluations, the fruit pulp was subjected to the determinations of pH, the soluble solids (SS), titratable acidity (TA) and the relation between soluble solids and titratable acidity. For the variables, longitudinal and transversal diameters, the pulp weight, peel weight, seed weight, fruit weight and pulp yield, the mean were, respectively, 63. 49 and 61.29 mm, 12.51, 101.91, 27.48, 114.41 g and 11.17%. However, with regard to pH, SS, AT and SS/AT, means were 5.32, 11.95 °Brix, 1.76 and 11.53. The results indicated that there are statistically significant differences between all the physical and physico-chemical variables evaluated.
Introduction
There is an enormous potential for exploitation of native fruits in the Brazilian agribusiness sector (Hansen et al., 2013) . In Cerrado, there are numerous native fruit species with potential for use in traditional systems of agricultural production. In this context, the pequizeiro (Caryocar brasiliense Camb.) that belongs to Caryocaraceae family stands out in this biome by its great economic value in Central Brazil (Souza et al., 2007) .
It is a perennial plant, native from cerrado region (Oliveira et al., 2009 ). The high presence of this species in this ecosystem, explored in an extractive way, and typical of the region, deserves special attention due to the peculiar characteristics of its fruits as flavor, color and aroma, greatly appreciated by regional population (Souza et al., 2007) for their own consumption, as well as in the commercialization of the fruit in natura (Mariano et al., 2009 ). The fruit of pequizeiro can be characterized as a drupe with green peel, generally containing between 1 and 4 seeds per fruit, called pyrenes, that are composed of an woody endocarp with numerous thorns, internally containing the seed or an edible almond, and enveloped by a pulp adhered to the kernel of intense yellow color, fleshy and with high oil content, called the inner mesocarp (Soares Júnior et al., 2009; Oliveira et al., 2009) .
It is also rich in lipids, especially unsaturated fatty acids such as oleic acid, vitamins A, E, C, and minerals such as phosphorus, potassium and magnesium. In addition, the oil helps to combat free radicals (Lima et al., 2007; Santos et al., 2010) .
Due to the exotic flavor and strong and characteristic aroma, the Pequi is widely used by the population of various states of Northern, Northeast and Midwest, as a spice in cooking rice, chicken and meat (Lima et al., 2007) . In addition, it is responsible for part of the energy and nutrient intakes for low-income families in rural areas (Oliveira et al., 2009 ). However, as occurs with some native fruit, little is known about their physical, physico-chemical properties and chemical composition but these informations are resources for the formulation of balanced diets, quality control and development of new products (Oliveira et al., 2009) .
Studies by several authors demonstrate the natural variability existing both chemical and physical characteristics of the pequi, reflecting the nutritional factors of the fruit (Silva & Medeiros Filho, 2006; Vera et al., 2007) . This evidence reinforces the need to make the physico-chemical characterization and fruit biometrics in order to obtain subsidies and contribute to the selection of promising individuals to industry and genetic improvement of the species. In addition, physical and physicochemical characterization of fruits provide important information regarding the handling and packaging, and more advanced stage of commercial exploitation, industry, assist in the design of machinery and equipment.
Given the above, the aim of this work was to evaluate the biometric and physico-chemical characteristics of the Caryocar brasiliense fruits in stage of mature maturation.
Material and Methods
Fruits were collected in an area of the municipality of Angical, located in the western region of the state of Bahia. The climate of this region, according to Thornthwaite and Mather, is characterized as dry sub-humid -C1d'A '-featuring rainy summer and extremely dry winter, with an annual rainfall of 700-2000 mm (AIBA, 2004) , concentrated among the months of October and April, presenting, however, a high probability of dry spells during the rainy season.
Climatic conditions vary, but the highest concentration of rain usually occurs between the months of November and February, with warm rainy summers, harsh climate and low annual rainfall distribution over a short period of the year. The minimum and maximum annual average temperatures are respectively 14 and 34 °C. The relative normal humidity of air in the region varies from 47.1% in September to 80.3% in March, reaching a normal annual average that is equivalent to 68%. The region has a luminosity equivalent to 3000 h yr -1 (AIBA, 2004) . It also presents sandy soil and vegetation of the Cerrado.
The collection occurred in december 2009. The specimen from which the fruits were removed had a mean height of 10.00 m. The fruits were collected in the stage of mature maturation (fruits fallen on the ground), originated from ten matrices (Table 1) , which were placed in polyethylene bags and taken to the laboratory.
In the laboratory, the biometric evaluations were immediately initiated where 300 mature fruits, healthy, without deformation were randomly selected, because according to Cruz & Carvalho (2002) , are needed at least 100 fruits for conducting the evaluations.
For biometric characterization, it was taken in account the longitudinal and transversal diameters, being considered the largest diameter, measured with a digital caliper ( Figure  1 ); fruit weight in grams, obtained by individual weighing in digital precision balance; seed weight , in grams, using digital precision balance and number of seeds per fruit; pulp weight; peel weight; pulp yield, in percentage that is obtained by dividing the pulp weight and the fruit weight multiplied by 100 (AOAC, 1990) .
For physico-chemical analysis, 30 perfect mature fruits were used, randomly collected from a single matrice, immediately after loosen from plant and four quadrants of the specimen were removed, totalizing 300 fruits. After collection, the fruits properly identified were packed in polystyrene boxes and immediately transported to the laboratory.
The fruit pulp was removed after cleaning with the aid of a stainless steel knife, subsequently packaged in polyethylene bags and stored under refrigeration (-18 °C) for physicochemical determinations. The pulp of each matrix was divided into ten equal batches, and each batch was composed Table 1 . Coordinates of matrices of pequizeiro of three fruit pulps. The batches represented the repetitions and the matrices were considered as treatments.
After thawing in the refrigerator, the pulp was subjected to the determinations of the hydrogen potential (pH) by potentiometric method at pH meter with the aid of a digital meter, calibrating the potentiometer through the buffer solutions (pH 4.0 and 7.0); of the soluble solids (SS) which was determined by direct reading on digital refractometer and expressed in Brix (AOAC, 1990); of titratable acidity (TA) which was held in the presence of phenolphthalein and determined by titration with standardized solution of sodium hydroxide (NaOH) 0.1 N, expressing the final results in percentage of citric acid in accordance with the Analytical Standards of IAL (1985) ; and soluble solid and titratable acidity (SS/TA -Ratio).
It was adopted a completely experimental design, with 30 repetitions for biometric analysis and ten repetitions for physico-chemical analysis, and the data subjected to analysis of variance using the F test and the means were compared by Tukey test at 5 % probability.
Results and Discussion
According to the results regarding the biometric evaluations (Table 2) , the longitudinal diameter of the fruits of Caryocar A.
B.
brasiliense showed a variation between 58.51 and 72.58 mm but the transversal diameter showed a variation between 56.08 and 69.82 mm, slightly lower than those values reported in Silva & Medeiros Filho (2006) , which studied the morphology of the fruit Caryocar coriaceum and showed a variation in longitudinal diameter of 5.8 to 7.4 cm and the transversal diameter ranged between 5.7 and 7.3 cm. However, a study of Vera et al. (2007) found a variation of 5.24 to 6.17 cm for the transversal and longitudinal diameters, evaluating the physical and chemical characteristics of the fruits of pequizeiro. The overall average in the longitudinal diameter was 63.49 mm and CV 13.50%, whereas the overall mean of transversal diameter was 61.29 and CV 5.64%. Morphological characterization of fruits can provide information on the handling and packaging of the pequi, and more advanced stage of commercial and industrial exploitation, assisting in the design of machinery and equipment.
With respect to the fruit weight there was a variation of 83.90 to 158.17 g, closer values to those reported by studies of Vera et al. (2007) The fruit weight is an important characteristic for the marketing of fruit in natura, since the fruits which have larger size are heavier and thus are of most interest (Chitarra & Chitarra, 2005) . So, the matrices 1, 4, 9 and 10 stood out in relation to the fruit weight ( Table 2 ).
As Table 2 shows, the seeds weight ranged from 21.28 to 35.26 g, presenting, however, an overall average of 27.48 g and CV of 23.33%. Vera et al. (2007) reported values of 2.67 g and 3.22 g for the total weight of almonds per fruit, lower than those found in the present study. Also according to Chitarra & Chitarra (2005) , the seeds weight per fruit is also a very important physical characteristic for marketing, since this characteristic may influence the yield of fruits, especially those intended for the manufacture of products.
So the matrices 2 and 7, showed the lowest seed weight per fruit, since the number of seeds per fruit ranged from 1 to 3. However, Correa et al. (2008) observed for the number of seeds a variation between the fruits of 1.08 to 2.50.
With respect to the pulp weight, the lower value observed was 8.16 g and the largest was 17.54 g, and the overall average of 12.51 g and CV of 31.72%. The peel had as the general average value of 101.91 g and CV of 23.51%, however, showed as the maximum value and minimum value 129.72 and 71.98 g, values that corroborate with those reported by Vera et al. (2007) in a study with pequis whose maximum values for the weight of pulp and peel were respectively 3.98 and 139.36 g. Silva et al. (2012) found average values by matrix for the variable average pulp weight ranging between 5.38 and 14.25 g, and for the peel weight the average found between the matrices ranged from 61.57 to 220.00 g.
The pulp yield showed a variation between 8.25 and 14.35%. The pulp yield refers to the quality and quantity of the raw material, so it is a characteristic of fundamental importance to the industry (Chitarra & Chitarra, 2005) . Thus, matrices which have stood out in this feature were matrices 5, 6, 8 and 10, with the highest pulp yields. Table 3 The results related to the physico-chemical evaluations are shown on Table 4 . Acidity presented a mean value of 1.76%, higher than the 0.28% value found by Sousa et al. (2012) and 0.042% found by Arévalo-Pinedo et al. (2010) . But being the maximum value 4.29% and the minimum value 0.49% found in this work.
Regarding the pH of the fruits of pequizeiro, it differs statistically in most of the evaluated data, presenting as minimum value 4.33 and maximum value 6.71. The overall average of pH was 5.32, lower than that found by Arévalo-Pinedo et al. (2010) , whose pH value of pequis was 7.36. The pH is a characteristic that is related to food quality and safety, ** significant at 0.01 probability (p < 0.01); * significant at 0.05 probability (0.01 ≤ p < 0.05); ns not significant Table 3 . Correlation between the physical variables of the fruits of matrices of 'pequi' (Caryocar brasiliense) presenting, however, a range determined by legislation to promote the conservation of pulp, preventing the growth of yeasts, according to Brasil (1999) .
Thus, the Pequi differs from most tropical fruits with regard to the characteristics of industrial interest by having a pH that classifies it as a non-acid food, enabling for the development of pathogenic microorganisms such Clostridium botulinum (Nascimento et al., 2011) .
The average value of SS (11.95° Brix) observed in this study was quite contrasting when compared to that found by Sousa et al. (2012) , 4.50° Brix. Taking into account this variable, all matrices are conducive for processing and consumption in natura, because from the commercial point of view the fruits with higher soluble solids contents are preferred (Pereira et al., 2000) .
The results concerning the ratio SS/TA indicate that the minimum value of the ratio SS/TA was 2.85 and the maximum value was 17.29, but the overall average was 11.53. The SS/TA ratio provides a good assessment of fruit flavor, being more representative that isolated measurement of sugars and acidity (Pinto et al., 2003) .
For the physico-chemical characteristics of the fruits of pequizeiro, could be observed that the correlations were not significant, as shown in Table 5 . However, the correlations were positive, except for the correlation of pH x Acidity (-0.8011), which means that the increase of the pH is inversely proportionate to the increase of acidity.
The variation in the data of fruits of the evaluated matrices was expected, according to Nascimento et al. (2011) because plants are not yet domesticated. According to Silva et al. (2012) the non-domesticated species show great variation between matrices for some physical characteristics in fruits such as size, color, number of seeds per fruit, weight of the seeds and pulp. Thus, the evaluation of these variables in different matrices of different populations is important for its improvement.
The identification of genetic material that besides of being productive shows superior quality for industrial use and/or consumption in natura is crucial for the formation of commercial plantations. However, when it was worked with perennial species such as the pequizeiro, the time to complete one cycle of selection is the main limitation of genetic breeding programs (Silva et al., 2012) .
Conclusions
1. Physical evaluations demonstrate that the studied matrices showed statistically significant differences on all the variables assessed, mainly in relation to measures of weight and size, which shows that the population has high genetic potential for conservation of germplasm and the seed collection.
2. The physico-chemical analysis showed a significant variation between the matrices relative to the pH, TA, SS and SS/TA, which reinforces the indication of the matrices for studies of genetic improvement.
3. Knowledge of the physical and physico-chemical properties of the fruit is of fundamental importance to assess the availability of nutrients and the best features for processing. The identification of genetic materials, and productive, presenting top quality for industrial use and/or fresh consumption is crucial for formation of commercial plantations and breeding studies. 
